Grip strength has a specific role in ergonomics especially for hand tool using. 
INTRODUCTION
The ability to grip is one of the most important functions of the hand, and grip strength can be used to reflect overall muscular strength [1] . Grip strength has been used as a measure of function in various health-related conditions. Hand grip strength is an easily obtainable measure of physical health and muscle function. Reliable and valid evaluation of hand strength is very important in determining the effectiveness of various surgical or treatment procedure. Grip strength has been found to be associated with numerous factors such as demographics (age, gender), body construct (height, weight, bone mineral density [BMD] , hand size, upper arm circumference, hand dominance), socioeconomic variables (occupation, social status, lifestyle) and physical and psychosocial variables. Recovery is the time required for repair of damage strength to the body. The loss of muscular strength of hand is caused by forceful grip strength. The more forceful grip strength required more recovery time to regenerate the muscular strength. Furthermore, grip strengths significantly differ between ethnicities [2] . Grip strength can be used to compare the patient's response to work and subsequent recovery. This will be helpful in determining when return to work should occur. This would be reasonable to expect a similar ranking in terms of work duration and work accomplished. It can be used as a measure of fatigue.
Reliable and valid evaluation of hand strength can provide an objective index of general upper body strength [3] . The grip strength is the result of forceful flexion of all finger joints with the maximum voluntary force that the subject is able to exert under normal conditions. Hand grip strength is an easily obtainable measure of physical health and muscle function. Grip strength decrease in repetitive hand activities, and that it will recover after an "adequate" rest period. In particular, occupational ergonomists have tried to use strength data in redesigning work tasks requiring physical exertion, in order to reduce or eliminate the exposure of workers. It is also able to predict a decline in function in old age [4] .
Grip strength has been widely used in evaluating the integrated performances of muscles in orthopedics and ergonomics. Further potential benefit lies in the predictive value of a demonstrated relationship between grip strength and anthropometric measures of the upper extremity. Grip strength may also play a role in injury prevention and rehabilitation.
occupational therapists [5] . Many of these have sought overt data, such as loss or gain of grip strength, or have wished to compare different populations. Interest in relationships of various human factors and human performance to grip strength has characterized past research [6] . Although numerous dynamometers have been developed, researchers have turned toward the use of models with adjustable handle settings, allowing for adjustment of the instrument to the size of the human hand or for assessing strength at various spans of grip [7, 8] . The value of earlier studies was limited by the lack of standardized anthropometric technique, the lack of grip strength assessment protocols which are consistent with current practice, and the use of a wide variety of dynamometers, many of which are not in common use in occupational therapy clinics. Such information is certainly useful to the occupational therapist as part of grip strength evaluation, but also offers an increased understanding of the dynamics of human grasp as it relates to body dimensions and the size of the object grasped. The ability to generate power of an individual depends on the force that he or she can apply to produce work. The more work can be performed, if more power is generated. Grip strength can be used to reflect overall muscular power as a measure of work capacity of an individual [9] . This study examines the relationship between grip strength and recovery and this study also examines the relationship of several anthropometric variables to isometric grip strength. Findings which demonstrate that greatest strength values are obtained at a specific handle position and that position is significantly different than the other two handle positions.
METHODOLOGY
This part contains a description of the subjects, equipment and measurement and data collection methods.
Description of Subjects
Forty healthy subjects (20 males and 20 females) were recruited to be volunteers for this study. Subjects were between the ages of 20 and 51 years old. Dominance of hand was determined by statement of the subject. Personal data were collected from each subject include age and hand dominance. Exclusion criteria were participating in a regular sport or physical activity, having any fractural injury in any part of the hand, having any operation in arm, wrist or hand, and suffering from pain in upper limb at present.
Equipment

1.
The standard, adjustable-handle dynamometer (Digital Analyzer grip/pinch) 2.
Grip transducer.
3.
Standard comfortable chair.
4.
Weight measuring instrument. 5.
Measuring scale.
Measurement and Data Collection Procedures
Data collection procedures were divided into two sections. The first part contains grip strength measurement and second part is about anthropometric measurement.
Grip Strength Measurement
Each subject was informed detail about the study and questioned about exclusionary criteria to participate in the study. For predicting optimal handle position of dynamometer, grip strength was taken at three positions for each subject in three several days. Grip strength was assessed using a Digital Grip Analyzer. The analyzer consists of adjustable two flat padded bars which is shown in figure 1 , mounted parallel to each other maximum 3.5 cm apart. When these are squeezed together the maximum force is indicated on a digital display unit shown in figure 2 , which registers from 0 to 1999 Newton (that is, from light touch to heavy pressure). Isometric grip strength data of each subject was measured by a Digital Grip Analyzer. The dynamometer (digital analyzer) was designed to record accurately the pressure exerted on the bars irrespective of the point of grip along their length. For maximum isometric grip strength measurement, the subjects were seated with the hand resting comfortably in a standard height chair. A person's usually have strongest grip strength when their forearm is neutral and the elbow at 90° before their body.
The dynamometer was placed with a marked point on one bar against the web of skin between the thumb and index finger. The digital display was then set to zero, thus discounting any resting pressure exerted by the people due to involuntary flexion of the fingers. The observer stood immediately in front of the subject. The grip transducer was then placed in the subject's right hand, with the observer lightly cupping the handle at the base of the instrument in his right hand and the observer lightly supporting digital analyzer front display with his left hand. The observer then ensured that the grip transducer was being held in such a position that the subject's wrist was nearly deviated between neutral and 15 degrees. The digital display is set to zero by pressing the zero button on the digital display unit for a minimum of 2 seconds. The Digital Display Unit cannot indicate negative values and so it is necessary to press the zero buttons even if the display already reads zero. Choosing the units we would like the force to be displayed as, on the Digital Display Unit, by pressing the appropriate button on the front panel. We preferred unit of force is in Newton. Each subject was told to squeeze the handles of this instrument as hard as possible and then release. The handles will not move as it squeeze, but the instrument will record the grip strength. The handle width can be adjusted so as to accommodate different hand sizes. A scale is attached to the handle so that a note of the handle width may be taken to ensure that any re-tests are comparable. For predicting the optimal positioning of the handle both male and female subjects, grip strength data was taken for each three position in three several days. Grip strength data were taken for the position of handle width at 2.5, 3.0 and 3.5 cm from each male and female subject. Grip strength data of three handle positions were analyzed by descriptive statistics. According to greatest mean value the handles of the digital analyzer were set at Position-2 (3.0 cm apart) for female and at Position-3 (3.5 cm apart) for male.
The person was told to squeeze the handle as hard as possible and then release after 3 sec. To get the maximum applied force, we activated the hold facility by ensuring that the hold button is pressed in (in = on, out = off). Readings are written down in collection sheet. Adequate recovery time (20 to 30 s) was given between the subsequent measurements to negate the fatigue factor [9] . This procedure was repeated three times with an inter task interval of 20-30 sec for each trial. At the beginning of isometric grip strength measurement, we recorded one data which was mentioned as pre -exercise strength of that person. In similar way grip strengths were measured after 1 min, 5 min, 10 min, and 20 min rest period.
Anthropometric Measurement:
The linear dimensions of elbow to wrist length, hand length and hand breadth were selected because of their relationship to the height of the subject. All anthropometric dimensions data for each subject was taken with the help of a measurement scale. All anthropometric dimensions were measured once and these measurements were used in data analysis. Anthropometric measurements were recorded in the data collection sheet.
ANALYSIS AND FINDINGS
Statistical analyses were done using statistical packages for the social sciences (SPSS) for windows version 17.0 and statistical significance was accepted for P values of < 0.05. Z-test (proportion test) was used to find whether differences exist between males and females subjects. Pearson productmoment correlation coefficient was used in the analysis of the associations of anthropometric variables. Due to the composite nature of many of the anthropometric measurements and the number of dimensions, linear regression analysis was used to be more appropriate in clarifying the nature of the relationships. The mean and standard deviation of age, height and weight of 20 male and 20 female subjects are shown in table 1. 
Predicting Optimal Handle Position
Since grip strength varies significantly with the handle positions, there is a need to determine the optimal handle position for each individual. Optimal handle position is defined as the handle position of the digital analyzer at which highest mean of isometric grip strength is achieved. For this grip strengths were taken at three different handle positions such as 2.5, 3.0 and 3.5 cm apart for both the male and female that are shown in table 2. It was observed that maximum grip strength occurred at handle posion-3 (3. 
Determination of Relationship between Isometric Grip Strength and Recovery
The relationship between isometric grip strength and recovery was analyzed by Z-test (proportion test) to identify any significance difference among groups. Z proportion test were performed after grouping the subjects in terms of the point in time when each subject returned to his or her initial isometric grip strength level. Those subjects who recovered within 5 min were placed in Group A, those who recovered within 10 min were placed in Group B, those who recovered within 20 min were placed in Group C, and those who required more than 20 min to recover were placed in Group D. In Group A there were 7 subjects (4 males and 3 females) recover within five minutes whose Z value was 0.416. In Group B there were 10 subjects (6 males and 4 females) recover within ten minutes whose Z value was 0.875. In the same way in Group C there were 12 subjects (5 males and 7 females) recover within 20 minutes whose Z value was 0.181.But in Group D there were 11 subjects (5 males and 6 females) did not recover fully within 20 minutes whose Z value was 0.126. All these data are recorded in table 3. From the table it can be seen that, the P value of each Group is greater than 0.05. Based on P value it is concluded that, there were no significant differences among the groups in terms of the rate of recovery at each point in time. This result is depicted graphically in Figure 4 .
Time after cessation of activity The figure 5 gives a graphical representation of comparison of gender groups in terms of post exercise isometric strength recovery as a percent of pre-exercise isometric strength. Time after cessation of activity are plotted in X axis and percent of pre-exercise isometric strength data are plotted in Y axis. Average percentage of post exercise isometric grip strength data of male and female are plotted at different time span. This graph shows, recovery rate increases with the rise of recovery time. From this graph it is also evident that recovery rate of male is greater than the recovery rate of female.
Determination of Influencing Anthropometric Factors
Pearson product-moment correlation coefficients and linear regression analysis were used to clarify the nature of the relationships between isometric grip strength and influencing anthropometric factors. .664** .001 20
Hand length(cm) .729** .000 20 Hand breadth(cm) 0.235 .318 20 *. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed). Table 4 shows the relationships between anthropometric variables and isometric grip strength by Pearson productmoment correlation coefficients for male. From the table it is seen that age is negatively correlated with the grip strength and its value is -0.692 (p = .001), which means grip strength decreases with the increase of age. Height is strongly related with the grip strength. The strength of relationship of weight, elbow to wrist length hand length with the grip strength is moderate whereas hand breadth is poorly correlated to isometric grip strength. Table 5 shows the relationships between anthropometric variables and isometric grip strength by Pearson productmoment correlation coefficients for female. The correlation coefficients are high for age, weight, elbow to wrist length and hand breadth. The correlation coefficient between age and isometric grip strength is negative like before. Height and hand length are poorly correlated to isometric grip strength whereas weight, elbow to wrist length and hand breadth are moderately correlated with the grip strength Linear regression model was used to measure the influencing factors for pre-exercise isometric grip strength. Table 6 shows the degree of dependency of pre-exercise isometric grip strength on the independent variables such as age (years), height (cm), weight (kg), elbow to wrist length (cm), hand length (cm), hand breadth (cm). Multiple correlation R value of 0.915 means the degree of linear relationship between the dependent variable and independent variables is strong. The R2 value of 0.838 means 83.8% variation of pre-exercise isometric grip strength is explained by explanatory variables. Here R2 value is adjusted by 76.3% taken into account degree of freedom in order to overcome the short coming of R2 value. Durbin-Watson test is used to measure auto correlation.
Here Durbin-Watson value is 3.015 implies that data set are free from auto correlation. The estimated value for the independent variables measured the impact (positive or negative) of the variables on dependent variables. Table 7 shows the estimated value for the parameter weight of 2.811 means that if one unit of weight is increased, the average of grip strength will be increased by 2.811 units, when all other variables are remain constant. The value of t is 1.914 which is significant at the 10% level of significance (p<0.1). The estimated value for the parameter age is -1.666 means that if one unit of age is increased, the average of grip strength will be decreased by 1.666 units; when all other variables are remain constant. The value of t is -1.376 which is not significant (p>0.1). So, only two parameters weight and hand breadth have a significant effect on isometric grip strength (as p<0.1 for the both). The estimated value of parameters for female is also presented in Table 9 . It shows that parameter age and weight have a significant effect on isometric grip strength (as p <0.1 for the both). 
_______________________________________________________________________________________
CONCLUSION
Specific adjustment of the handle for male and female are necessary. In Digital Analyzer, greatest isometric grip strength of female is obtained in handle position two (3 cm) and for male in handle position three (3.5 cm). So the assessment of the maximum isometric grip strength were carried out with the Digital Analyzer in handle position two for female and in handle position three for male. This study found mean grip strength of male is greater than female. Grip strengths of male and female in dominant hands are observed to decrease with aging, and are significantly different between male and female. It also found that two anthropometric variables weight and hand breadth in case of male; age and weight for female have an adequate influence on isometric grip strength. The rest of the variables have little or no effect on isometric grip strength. There were a considerable gender differences for initial isometric grip strength and post-exercise isometric grip strength. However, there were no significant differences found between males and females in terms of the rate of recovery at each point in time. The information that is gathered during this study may lead to a consistent method of measuring the grip strength and increase the value of measurements that are taken. It may also increase the understanding of how grip strength is related to the anthropometric variables.
